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ABSTRACT 
 
The objectives of this work were to study the quality characteristics of wheat 
(Triticum aestivum L.) cultivars grown at three locations and to evaluate their 
performance in bread making. Proximate analysis, hectoliter weight, thousand kernels 
weight, gluten quantity and quality, falling number and sedimentation values were 
determined for 20 wheat cultivars grown in three locations in Sudan (Medani, Hudeiba 
and Dongola) compared with Canadian wheat flour. The best six cultivars were selected 
and subjected to more detailed study. The results showed significant (P≤0.01) differences 
in the quality tests among locations and genotypes. The results showed that cultivar 
KAU2* CHEN/BCN.CMB had the highest protein content when grown at Hudeiba 
(14.06%) and Dongola (13.87%). This high protein content was accompanied by high 
gluten (44.06% and 38.38%, respectively). Cultivar RGO/SERI/ TRAP// Bow grown in 
Hudeiba had the highest wet gluten (45%) and water absorption. Generally, increase in 
hectoliter weight was accompanied by increase in protein content. The highest dough 
development time was recorded for cultivar PYT # 23 (DW R39 × CONDOR “S”) 
14P×T grown in Dongola. The same cultivar when grown in Medani had the highest 
dough resistance to extension. In Sudanese wheat flour, location has great effect on the 
molecular weight of the protein. The highest molecular weight was recorded for cultivar   
PYT #23 (DWR39 × CONDOR “S”) 14 P×T grown in Dongola, while the lowest value 
was recorded for cultivar CONDOR “S”/ 14PYT// DWR39 grown in Medani. Cultivar 
TEVEE “S”/ SHUHA “S” and PYT# H23 (DWR39×CONDOR “S”) 14P×T grown in 
Medani and cultivar IHSGE#20 grown in Dongola could be classified as good cultivars 
for bread making as they have high molecular weight and loaf bread specific volume. 
Cultivars RGO/ SERI/ TRAP// Bow and CONDOR “S”/ 14PYT// DWR39 grown in 
Medani are preferred for cakes, cookies, crackers and flat bread for their weak dough. 
The highest binding ability of starch to SSL and EMG was shown by cultivars RGO/ 
SERI/ TRAP// Bow and TEVEE “S”/ SHUHA “S” at all locations which indicates that 
starch binding ability to surfactants is controlled mostly by genetic factors rather than 
location.  α- amylase activity was low for all wheat grown at different locations in Sudan 
due to low humidity at maturity and harvest time.  
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INTRODUCTION 
 
Wheat is the most widely grown food crop in the world. Land area devoted to 
wheat worldwide is more than that for any other crop and further area expansion is 
certainly limited. The majority of wheat is produced in the temperate climates. It is a 
widely adapted crop. It is grown from temperate, irrigated to dry and high-rain-fall areas 
and from warm, humid to dry, cold environment. Undoubtedly, this wide adaptation has 
been possible due to the complex nature of the plant’s genome that provides great 
plasticity to the crop. Therefore, it is harvested in the world all year round. Along with its 
unique characteristic of possessing a viscoelastic storage protein complex called gluten, 
are the main factors making wheat the most important food crop in the world. Horizontal 
expansion of wheat production has occurred in recent years by moving wheat into non-
traditional areas formerly considered unacceptable for production (Curtis et al., 2002). 
Wheat cultivation in Sudan expanded in the last decades to latitudes lower than 15 
°N, as a winter crop, occupying the largest area in Sudanese irrigated schemes, and it is 
the second most important cereal crop after sorghum in the country. The demand for 
wheat increased due to urbanization, but there is a large deficit of production compared to 
consumption. Average wheat yields in Sudan are very low, due to climatic and other 
production factors.  
Development research has shown that wheat production in much warmer areas is 
technologically feasible (Saunders and Hettel, 1994). The optimum growing temperature 
is about 25°C, with minimum and maximum growth temperatures of 3°C to 4°C and 
30°C to 32°C, respectively (Briggle, 1980). Wheat yield and end-use quality depend upon 
the environment, genotype and their interaction. The major objective of plant breeders is 
to develop varieties with improved agronomic as well as technological properties, 
containing increased amounts of compounds beneficial to our health and containing 
lower concentrations of anti-nutrients (Welch and Graham 2002, Welch 2005, Sramkova 
et al., 2009a and Sramkova et al., 2009b). Among all the cereals, only the flour of bread 
wheat is able to form dough that exhibits the rheological properties required for the 
production of leavened bread. This work aimed at evaluating the suitability of different 
wheat cultivars for different parts of the Sudan.                      
 
MATERIALS AND METHODS 
 
Materials 
         Twenty samples of local wheat cultivars grown in three locations (Medani, Hudeiba 
and Dongla) were obtained from the Agricultural Research Corporation. In addition, one 
Canadian wheat cultivar was obtained from Wheat Flour Mill in Khartoum North (Table 
1). Chemicals used were of Lab. Grade obtained from Department of Food Science and 
Technology, Faculty of Agriculture, University of Khartoum. 
 
Methods 
Proximate Analysis: moisture, ash, crude protein and fats content were determined 
according to AOAC (2000). 
 
Gluten Quantity and Quality: Gluten quantity and quality were carried on wheat flours 
by using Glutomatic instrument (Type 2200) (Perten Instrument), according to ICC 
standard method No. 155 (2000). 
 
Falling Number: Alfa – amylase activity was carried on wheat flours by using Falling 
Number, according to the ICC standard method No.107/1 (2000). Unit (FN2817).  
 
Sedimentation Values: Sedimentation test was carried out on wheat flours, according to 
the ICC standard method No. 116/1 (2000). 
 
Table 1. Cultivars code 
Entry Variety Cross/Pedigree 
1. ELNeilain 
2. Debeira 
3. RGO/SERI/TRAP//Bow 
4. KAU2 * CHEN // BCN . CMB 
5. SON64 / SRC – LR64A) G155 
6. 427F4/2000-1 
7. PYT#23 (DWR39xCONDOR “S”)14PxT 
8. KAUZ “S” 6 57C1-3-6.2-2-1-2 
9. TEVEE “S” / SHUHA “S” 
10. N5732/HER//CASKOR 
11. ELNEILAIN / SASARIBE 
12. CONDOR “S” / 14PYT // DWR39 
13. VERONA / KAUZ // KAUZ 
14. ELNEILAIN / DEBEIRA 
15. OASIS /KUAZ // 3 * BCN 
16. CONDOR “S” / BALADI // DEBEIRA 
17. DH5 
18. DH8 
19 IHSGE # 19 
20 IHSGE # 20 
Protein Fractionation According to Solubility: Wheat flour proteins were separated 
into five fractions by selective extraction method (Landry and Moureaux, 1970). 
 
Micro–chip Capillary Electrophoresis: The applied sample preparation and extraction 
process were based on the procedure of Uthayakumaran et al. (2006).  
 
Micro- Scale Farinograph Test: Flour samples were tested on a micro Z-arm mixer, 
according to the methodology described by Békés et al. (2003) and Haraszi et al. (2003).  
 
Micro-scale Extension Test: This test was carried out on wheat flour samples by using 
SMS Kieffer Dough and Gluten Extensibility Rig, which was developed by Stable Micro 
Systems (SMS) for use exclusively with the texture analyser-based on research at the 
German Food Chemistry Research Institute, named after its inventor Dr. Rolf Kieffer.  
 
Amylographic Determination of Pasting Properties:  The pasting properties of wheat 
flour slurries were characterized by using a Brabender Visco-Amylograph 
(Prinyawiwatkul et al., 1997).  
 
Wet-milling of Flours by Dough-washing (DW Method): Wheat starch and gluten 
were separated, using the procedure described by Wolf (1964). 
 
Starch and Surfactants: This test was carried according to Mustafa (1976). 
 
Baking Test: Wheat flour bread was made according to ICC standard method No.131 
(1980).  
 
Statistical Analysis: Analysis of variance was conducted, according to Gomez and 
Gomez (1984). Then means were compared using Duncan’s Multiple Range Test 
(Duncan, 1955) with P≤0.01. 
 
RESULTS AND DISCUSSION 
 
The moisture content of the 20 wheat cultivars ranged between 10.2% and 
13.13% while Canadian wheat showed 13.5% moisture (Tables 2 and 3). The ash content 
ranged between 0.85% and 0.47% (Table 4). The protein content was between 13.87% 
for cultivar 4 grown in Dongola and 9.9% for cultivar 14 grown in Hudeiba (Table 5). 
One hundred kernel weight was 48.8 g for cultivar 5 grown in Hudeiba and 30.09 g for 
cultivar 15 grown in Medani, while Canadian wheat gave 31.68 g. The 1000 kernel 
weight is an indicator of the density of the grains and their size which will end up in good 
flour yield if the 1000 kernel weight is high (Table 6). The wet gluten content was 
highest for cultivar 12 (46.94 gm) grown at Medani and least for cultivar 14 (28.63 gm) 
grown at Hudeiba (Table 8). Falling number was very high for all cultivars grown in the 
three locations due to the low moisture content and high temperature during the harvest 
season (Table 9). The sedimentation test revealed that the 20 cultivars grown in the three 
locations have similar results, i.e. low sedimentation which indicates low bread making 
potentiality specific low bread specific volume, except cultivar 7 which gave the highest 
sedimentation value which is expected to give bread with high specific volume (Table 
10). 
Cultivars number 3, 4, 7, 9, 12 and 20 were selected as the best 6 with the best 
quality performance, and then subjected to further studies. The results of this study are 
recorded below: 
 Farinograph results (Table 11) revealed that the dough water absorption for the 
six wheat cultivars grown in Medani ranged between 57% and 61%, for Hudeiba 59% to 
63% and for Dongla 57% to 62% with Canadian wheat 61%. This shows that Hudeiba 
location produced wheat with the highest dough water absorption followed by Dongola 
then Medani, even better than Canadian wheat. Cultivar number 3 grown in Hudeiba was 
the best. The high water absorption is an indication of high bread yield. The cultivars 
grown in Hudeiba also showed higher dough development time than the other locations, 
including Canadian wheat. Dongola location seems to produce wheat with higher dough 
stability, with cultivar 7 being the highest in dough stability. The farinograph results 
showed that the location has great effect on the dough quality (strength) which is a 
quality required in the wheat flour for bread making. Regarding the degree of softening, 
the lowest mean was shown by cultivars grown in Medani followed by those in Dongola, 
and the highest was in Hudeiba with cultivar 4 grown in Medani having the lowest degree 
of softening. The high degree of softening is an undesirable character in the dough for 
bread making. These results are in agreement with the results reported by Elagib (2002) 
who found that the water absorption, development time, stability and degree of softening 
of Wadialneel and Debera cultivars were 59.7% and 57.4% and 1.7 min, 1.6 min and 3.9 
min and 102 and 70 farinograph units, respectively. 
 
Extensograph results: The extensograph measures the force (resistance to stretching) in 
grams, the distance (extensibility) in millimeters and the area in g-sec. The mean force 
ranged from 8.12 to 23.18 g with mean value of 12.91 gm for cultivars grown in Medani, 
6.19 to 9.51 g with a mean value 7.42 g for Hudeiba, 4.22 to 21.1 g for Dongola and 13.5 
g for Canadian wheat (Table 12). Kieffer (2003) comparative investigation of dough 
rheology and dough yield concluded that only resistance has positive relation to baked 
bread volume, while Khatkar and Schofield (1997) reported that rheological properties of 
flour depend on both protein content and protein composition. 
 
Amylograph results: The amylograph results (Table 13) revealed that the maximum 
viscosity was highest for cultivar 20 grown in Medani (631 Bu) followed by cultivar 7 
grown in Dongola (630 Bu) and then cultivar 20 grown in Dongola (605 Bu). Although 
there was high variation between the cultivars and locations in the maximum viscosity, 
the maximum viscosity temperature seem to be very close (88-90ᴼC). These results 
indicate that the maximum viscosity of the flours is rather high, which is mainly due to 
the low α-amylase  activity of the grains, resulting from the low moisture content of the 
weather in the three locations at maturity and harvest. 
 
 
 
 
 
Table 2. Moisture content (%) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean 
Cultivar1 12.79
 
b 11.44 z 11.60 uvwxyz 11.94 defg 
Cultivar2 12.63 c 11.31 z 10.21 z 11.38 j 
Cultivar3 12.11 Ijk 11.71 qrstuvwx 12.15 hijk 11.99 cd 
Cultivar4 12.07 jklm 11.65 rstuvwx 11.82 nopqr 11.85 efg 
Cultivar5 12.15 hijk 12.48 cde 12.18 hij 12.27 a 
Cultivar6 12.27 fghi 11.22 z 10.27 z 11.25 k 
Cultivar7 12.37 efg 11.60 uvwxyz 12.06 jklm 12.01 bc 
Cultivar8 12.61 c 11.08 z 11.81 nopqrs 11.83 fg 
Cultivar9 12.62 c 11.52 yz 12.19 ghij 12.11 b 
Cultivar10 12.33 efgh 11.53 yz 12.21 ghij 12.02 bc 
Cultivar11 12.61 c 11.55 wxyz 11.85 nopq 12.00 cd 
Cultivar12 12.24 fghij 11.81 nopqrs 11.93 lmno 11.99 cd 
Cultivar13 13.13 a 11.18 z 11.77 opqrstu 12.02 bc 
Cultivar14 11.91 mnop 11.97 jklmn 11.63 stuvwxy 11.83 fg 
Cultivar15 12.56 cd 10.85 z 11.65 rstuvwx 11.68 h 
Cultivar16 11.78 opqrst 12.41 def 11.57 vwxyz 11.92 cdef 
Cultivar17 11.38 z 11.47 z 11.64 rstuvwxy 11.49 i 
Cultivar18 12.22 ghij 11.61 tuvwxy 11.54 xyz 11.79 g 
Cultivar19 12.10 jkl 11.74 pqrstu 11.23 z 11.69 h 
Cultivar20 12.37 efg 12.05 jklmn 11.25 z 11.89 defg 
Mean 12.31 a 11.61 b 11.63 b 11.85 efg 
Means followed by the same letter in the same column and the same row are not significantly 
different (P ≤ 0.01) from each other, according to Duncan's multiple range test. 
                              Table 3. Characteristics of Canadian wheat flour 
Character Mean 
Moisture 13.5%(±0.05) 
Ash 0.36%(±0.02) 
Oil 1.29%(±0.04) 
Protein 14.6%(±0.1) 
Wet gluten 38.26%(±0.06) 
Gluten index 81.26%(±0.08) 
Dry gluten 12.45%(±0.05) 
Water binding 206.6%(±0.17) 
Falling number 364.33 sec.( ±0.58) 
Sedimentation  test 62 ml(±0.02) 
 
 
 
 
Table 4. Ash content (%) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 0.69 efghi 0.61 jklmno 0.61 jklmno 0.64 fgh 
Cultivar2 0.67 fghijk 0.68 fghij 0.71 defgh 0.68 cde 
Cultivar3 0.73 cdef 0.76 bcd 0.73 cdef 0.74 b 
Cultivar4 0.63 ijklmn 0.57 o 0.79 b 0.66 efg 
Cultivar5 0.61 jklmno 0.61 klmno 0.66 ghijk 0.63 gh 
Cultivar6 0.63 ijklmn 0.63 ijklm 0.72 cdefg 0.66 efg 
Cultivar7 0.63 ijklmn 0.77 bc 0.59 mno 0.66 ef 
Cultivar8 0.69 fghi 0.66 ghijk 0.66 ghijkl 0.67 ef 
Cultivar9 0.47 p 0.50 p 0.59 mno 0.52 j 
Cultivar10 0.59 mno 0.64 ijklmn 0.59 mno 0.61 hi 
Cultivar11 0.75 bcde 0.56 o 0.71 defgh 0.67 ef 
Cultivar12 0.62 jklmno 0.74 bcde 0.72 cdefg 0.70 cd 
Cultivar13 0.85 a 0.78 bc 0.71 defgh 0.78 a 
Cultivar14 0.81 a 0.63 ijklmn 0.78 bc 0.74 b 
Cultivar15 0.61 jklmno 0.71 defg 0.70 defgh 0.68 def 
Cultivar16 0.67 fghij 0.61 jklmno 0.71 defgh 0.66 ef 
Cultivar17 0.70 defgh 0.49 p 0.65 hijklm 0.61 hi 
Cultivar18 0.72 cdefg 0.78 bc 0.75 bcde 0.75 b 
Cultivar19 0.70 efgh 0.78 bc 0.67 fghijk 0.71 bc 
Cultivar20 0.58 no 0.59 mno 0.60 lmno 0.59 i 
Mean  0.67 b 0.65 c 0.68 a 0.67  
Means followed by the same letter in the same column and the same row are not significantly (P 
≤ 0.01) different from each other, according to Duncan's multiple range test. 
Table 5. Protein content (%) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 10.58 u 12.31 imn 12.12 mno 11.67 h 
Cultivar2 9.97 w 13.03 fg 12.04 no 11.68 h 
Cultivar3 11.15 q 13.60 bcd 12.36 klm 12.37 c 
Cultivar4 10.94 qrs 14.06 a 13.87 ab 12.96 b 
Cultivar5 9.99 w 13.24 ef 12.55 jkl 11.92 g 
Cultivar6 10.06 w 11.05 q 11.96 o 11.02 i 
Cultivar7 10.36 v 12.63 ijk 13.55 cd 12.18 def 
Cultivar8 11.4 p 12.09 mno 12.79 ghij 12.09 ef 
Cultivar9 13.40 de 13.13 f 13.76 b 13.43 a 
Cultivar10 10.66 tu 13.00 fg 13.42 de 12.36 c 
Cultivar11 11.53 p 11.53 p 13.16 f 12.07 efg 
Cultivar12 12.25 lmn 12.63 ijk 13.68 bc 12.85 b 
Cultivar13 10.77 stu 13.19 f 13.03 fg 12.33 cd 
Cultivar14 10.94 qrs 9.96 w 13.51 cd 11.47333 h 
Cultivar15 11.04 qr 12.97 fgh 13.05 fg 12.35 c 
Cultivar16 9.59 x 11.19 q 11.40 p 10.72 j 
Cultivar17 10.88 st 13.08 fg 12.73 hij 12.23 cde 
Cultivar18 11.35 p 12.39 klm 12.36 klm 12.03 fg 
Cultivar19 10.11 vw 11.13 q 12.15 mno 11.13 i 
Cultivar20 12.81 ghi 12.55 jkl 13.11 f 12.82 b 
Mean 10.99 c 12.44 b 12.83 a 12.08  
Means followed by the same letter in the same column and the same row are not significantly (P 
≤ 0.01) different from each other, according to Duncan's multiple range test.  
 
            Table 6. 1000 kernel weight (g) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 35.81 tuv 46.21 a 36.97 ij 39.66 fg 
Cultivar2 35.20 v 44.82 cd 36.76 rs 38.92 hi 
Cultivar3 36.38 st 44.24 de 40.44 hi 40.35 de 
Cultivar4 35.52 uv 44.53 d 41.08 gh 40.37 d 
Cultivar5 39.48 jkl 48.48 a 43.66 ef 43.87 a 
Cultivar6 37.17 pqr 45.5 bc 38.98 klm 40.55 cd 
Cultivar7 35.86 tuv 39.70 ijk 36.18 stu 37.25 j 
Cultivar8 31.22 y 36.54 rst 33.52 xy 33.76 l 
Cultivar9 33.77 xy 43.81 de 39.71 ijk 39.09 h 
Cultivar10 33.63 xy 44.76 c 39.38 jkl 39.25 gh 
Cultivar11 37.88 nop 44.32 de 40.83 gh 41.014 bc 
Cultivar12 28.7 z 40.75 h 34.3 wx 34.58 K 
Cultivar13 37.84 opq 44.64 cd 41.73 g 41.40 B 
Cultivar14 31.42 y 37.63 opq 34.70 w 34.58 K 
Cultivar15 30.09 z 38.88 klm 35.26 v 34.74 k 
Cultivar16 30.71 z 35.52 uv 33.17 yz 33.13 m 
Cultivar17 31.24 y 46.14 b 38.22 mno 38.54 i 
Cultivar18 33.42 y 42.82 f 39.20 jkl 38.48 i 
Cultivar19 31.91 y 41.55 g 38.72 lmn 37.39 j 
Cultivar20 35.14 v 44.71 cd 39.96 ij 39.94 ef 
Mean 34.12 c 42.78 a 38.14 b 38.34  
Candian 31.68        
            Table 7. Hectolitre weight (kg/h) of 20 Local wheat cultivars evaluated at three location 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 82.03 i 80.40 nop 84.54 b 82.32 b 
Cultivar2 82.53 fg 79.65 rs 82.45 gh 81.54 f 
Cultivar3 77.33 v 76.6 w 80.14 opq 78.02 m 
Cultivar4 81.45 jk 80.89 lm 84.40 b 82.24 b 
Cultivar5 82.50 g 80.89 lm 83.58 cd 82.32 b 
Cultivar6 81.43 k 79.63 rs 83.45 d 81.50 fg 
Cultivar7 82.11 hi 79.95 qr 79.55 st 80.54 i 
Cultivar8 82.08 hi 78.11 u 82.45 gh 80.88 h 
Cultivar9 81.55 jk 80.25 op 83.35 d 81.71 ef 
Cultivar10 79.21 t 77.50 v 80.50 no 79.07 l 
Cultivar11 82.7 efg 81.50 jk 84.30 b 82.83 a 
Cultivar12 80.25 op 80.05 pq 84.35 b 81.55 f 
Cultivar13 81.81 ij 79.54 st 82.66 fg 81.34 g 
Cultivar14 78.11 u 81.40 k 79.55 st 79.68 j 
Cultivar15 81.45 jk 80.25 op 83.85 c 81.85 de 
Cultivar16 82.01 i 81.30 k 83.00 e 82.10 bc 
Cultivar17 82.75 efg 81.20 kl 82.90 ef 82.28 b 
Cultivar18 79.31 st 79.14 t 79.55 st 79.33 k 
Cultivar19 80.73 mn 79.95 qr 85.25 a 81.97 cd 
Cultivar20 80.5 no 79.55 st 82.45 gh 80.83 h 
Mean 81.09 b 79.88 c 82.61 a 81.19  
Candian 80.74        
Means followed by the same letter in the same column and the same row are not significantly (P 
≤ 0.01) different from each other, according to Duncan's multiple range test. 
 
Table 8. Wet gluten (%) of 20 local wheat cultivars evaluated at three location.  
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 37.32 klmn 38.78 hijk 38.43 hijk 38.18 fg 
Cultivar2 34.47 pq 43.55 bcd 35.50 op 37.84 ghi 
Cultivar3 36.20 nop 45.00 b 36.13 nop 39.11 de 
Cultivar4 36.50 mno 44.06 bc 38.38 hijk 39.65 de 
Cultivar5 40.23 fgh 40.63 fgh 41.60 def 40.82 c 
Cultivar6 36.29 no 34.61 pq 37.43 klmn 36.11 k 
Cultivar7 33.18 qr 39.86 ghij 39.30 ghij 37.45 hi 
Cultivar8 38.54 hijk 36.85 lmno 41.66 def 39.02 ef 
Cultivar9 43.10 cd 42.75 cd 42.53 de 42.79 b 
Cultivar10 37.27 klmn 38.86 hijk 38.36 ijkl 38.16 fgh 
Cultivar11 33.20 qr 34.24 pq 36.33 no 34.59 l 
Cultivar12 46.94 a 42.00 def 43.26 cd 44.07 a 
Cultivar13 40.96 ef 40.00 fgh 39.20 ghij 40.05 cd 
Cultivar14 34.37 pq 28.63 s 37.53 klmn 33.51 m 
Cultivar15 39.34 ghij 38.66 hijk 39.20 ghij 39.07 ef 
Cultivar16 32.39 r 35.93 nop 35.53 op 34.61 l 
Cultivar17 38.32 ijklm 37.53 klmn 40.83 efg 38.89 ef 
Cultivar18 38.06 jklm 36.36 no 36.80 lmno 37.07 ij 
Cultivar19 36.74 lmno 35.03 op 37.50 klmn 36.42 jk 
Cultivar20 41.60 def 46.53 a 44.26 bc 44.13 a 
Mean  37.75 b 38.99 a 38.99 a 38.58   
Means followed by the same letter in the same column and the same row are not significantly (P 
≤ 0.01) different from each other, according to Duncan's multiple range test. 
            Table 9. Falling number (sec) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 609.67 r 508.00 z 650.33 N 589.33 k 
Cultivar2 633.33 p 636.33 op 974.67 A 748.11 a 
Cultivar3 693.00 gh 556.33 wx 648.67 n 632.67 h 
Cultivar4 715.00 f 656.67 mn 665.00 kl 678.89 c 
Cultivar5 563.33 w 524.00 z 600.00 rs 562.44 m 
Cultivar6 672.33 jk 528.33 z 808.67 b 669.78 d 
Cultivar7 673.33 jk 540.33 y 730.33 e 648.00 f 
Cultivar8 685.33 hi 595.33 st 795.00 c 691.89 b 
Cultivar9 589.00 tu 556.67 wx 668.67 kl 604.78 j 
Cultivar10 594.67 st 508.33 z 604.33 rs 569.11 l 
Cultivar11 687.33 hi 547.00 xy 733.00 e 655.78 e 
Cultivar12 604.00 rs 555.67 wx 653.33 mn 604.33 j 
Cultivar13 607.00 r 623.67 q 654.67 mn 628.44 h 
Cultivar14 668.33 kl 512.00 z 759.67 d 646.67 f 
Cultivar15 636.00 op 576.67 v 681.67 i 631.44 h 
Cultivar16 583.67 uv 577.00 v 701.33 g 620.67 i 
Cultivar17 532.67 z 583.00 uv 594.33 st 570.00 l 
Cultivar18 681.33 ij 580.33 uv 600.33 rs 620.67 i 
Cultivar19 638.33 op 596.67 st 662.67 lm 632.56 h 
Cultivar20 626.67 pq 646.00 no 648.00 n 640.22 g 
Mean 634.72 b 570.42 c 691.73 a 632.29  
 
             Table 10. Zeleny sedimentation test (ml) of 20 local wheat cultivars evaluated at three locations 
Cultivar Medani Hudeiba Dongla Mean  
Cultivar1 23.00 k 22.00 l 23.33 k 22.78 l 
Cultivar2 25.33 i 30.00 d 24.00 j 26.44 f 
Cultivar3 27.00 g 29.00 e 24.00 j 26.67 e 
Cultivar4 24.00 j 27.00 g 26.00 h 25.67 g 
Cultivar5 23.00 k 24.00 j 24.00 j 23.67 k 
Cultivar6 19.00 n 22.00 l 24.00 j 21.67 m 
Cultivar7 25.00 i 24.00 j 40.33 a 29.78 b 
Cultivar8 25.00 i 32.00 b 27.00 g 28.00 c 
Cultivar9 32.00 b 28.33 f 33.00 b 31.11 a 
Cultivar10 28.00 f 26.00 h 29.00 e 27.67 d 
Cultivar11 23.00 k 24.00 j 24.33 j 23.78 k 
Cultivar12 27.00 g 24.00 j 24.00 j 25.00 i 
Cultivar13 23.00 k 23.00 k 23.00 k 23.00 l 
Cultivar14 19.00 n 23.00 k 28.00 f 23.33 l 
Cultivar15 25.00 i 23.00 k 25.00 i 24.33 j 
Cultivar16 20.00 m 27.00 g 29.00 e 25.33 h 
Cultivar17 28.00 f 26.00 h 29.33 e 27.78 d 
Cultivar18 27.00 g 27.00 g 29.00 e 27.67 d 
Cultivar19 26.00 h 23.00 k 28.67 ef 25.89 g 
Cultivar20 31.00 c 28.00 f 30.33 cd 29.78 b 
Mean  25.02 c 25.62 b 27.27 a 25.97  
Means followed by the same letter in the same column and the same row are not significantly (P 
≤ 0.01) different from each other, according to Duncan's multiple range test. 
Table 11. Farinogram characteristics of six local wheat cultivars evaluated at three locations and 
chanadian wheat  
Cultivar Water 
absorption(%) 
Dough 
development 
time ( min. ) 
Dough 
stability 
( min.) 
Degree of 
softening 
( FU) 
Medani 
Cultivar 3 59 3.37 4.05 108 
Cultivar 4 61 3.55 4.4 76 
Cultivar 7 61 2.6 5.3 116 
Cultivar 9 59 3.33 4.15 62.5 
Cultivar 12 61 2.15 2.6 114 
Cultivar 20 57 2.84 3.2 130.5 
Mean 59.66 2.97 3.95 101.16 
sd ± 1.63 0.54 0.94 26.2 
 
 
Hudeiba 
Cultivar 3 63 2.64 3 127.5 
Cultivar 4 62 2.05 2.35 189 
Cultivar 7 59 1.74 2 301 
Cultivar 9 59 1.97 2.15 225 
Cultivar 12 59 1.68 2.1 225 
Cultivar 20 59 2.2 2.6 155 
Mean 60.16 2.04 2.36 203.75 
sd ± 1.83 0.35 0.38 61.3 
 
 
Dongla 
Cultivar 3 57 2.4 2.7 164.5 
Cultivar 4 61 2.16 2.85 124 
Cultivar 7 57 5.16 6.2 77 
Cultivar 9 61 2.81 3.1 121.5 
Cultivar 12 62 1.94 2.35 153 
Cultivar 20 59 1.91 2.5 173.5 
Mean 59.5 2.73 3.28 135.58 
sd ± 2.17 1.24 1.45 35.61 
Canadian wheat 61 3.39 4.5 105 
Table 12. Extensogram characteristics of six local wheat cultivars evaluated at three locations 
and Canadian wheat 
Cultivar Force (g) 
Extensibility 
(mm ) 
Area g- sec. 
Medani 
Cultivar 3 12.19 36.83 96.38 
Cultivar 4 10.21 31.02 69.31 
Cultivar 7 23.18 45.46 233 
Cultivar 9 13.67 64.14 188 
Cultivar 12 8.12 31.61 23.15 
Cultivar 20 10.12 33.28 78.03 
Mean 12.91 40.39 114.64 
sd ± 5.38 12.79 79.4 
 
 
 
 
Hudeiba 
 
 
 
Cultivar 3 9.51 59.33 116.98 
Cultivar 4 6.19 14.27 19.59 
Cultivar 7 7.51 11.26 19.32 
Cultivar 9 6.97 13.02 20.08 
Cultivar 12 6.48 5.29 8.11 
Cultivar 20 7.86 24.13 45.94 
Mean 7.42 21.21 38.33 
sd ± 1.2 19.6 40.5 
 
 
 
 
Dongla 
 
Cultivar 3 8.59 8.59 66.76 
Cultivar 4 8.78 8.78 78.52 
Cultivar 7 21.1 21.1 193.76 
Cultivar 9 9.41 9.41 79.56 
Cultivar 12 4.22 4.22 11.71 
Cultivar 20 10.11 10.11 32.85 
Mean 10.36 10.36 77.19 
sd ± 5.7 5.7 63.18 
Canadian wheat 13.5 54.28 166.89 
 
Table 13. Micro – amylograhp characteristics of six local wheat cultivars evaluated at three locations 
and Canadian wheat flour 
Cultivar 
Maximum 
ViscosityBU 
Maximum 
viscosity 
temperature 
°C 
Starting 
geltinisation 
temperature 
°C 
Start 
cooling 
BU 
Start cooling 
temperature 
°C 
End 
cooling 
BU 
End cooling 
temperature 
°C 
Medani 
Cultivar 3 555 88.9 64.4 329 94.9 975 38.7 
Cultivar 4 551 87.6 63.2 340 95 951 38.8 
Cultivar 7 590 88.4 64.7 353 94.9 1012 38.5 
Cultivar 9 539 89.5 64.4 337 94.9 972 38.7 
Cultivar 12 496 89.2 63.4 315 95 919 38.5 
Cultivar 20 631 87.1 62.8 327 95 890 40.7 
Mean 560.3 88.45 63.81 333.5 94.95 953.16 38.98 
sd ± 40.00 0.94 0.78 12.95 0.06 43.48 0.84 
Hudeiba 
 
Cultivar 3 441 90.6 61.2 263 95 832 40.9 
Cultivar 4 468 90.6 62.1 292 95 822 40.6 
Cultivar 7 469 90.4 64.4 290 95 896 38.6 
Cultivar 9 427 90.4 62.4 278 94.9 880 38.8 
Cultivar 12 412 89.9 61.5 275 95 872 38.3 
Cultivar 20 589 89.7 60.4 339 95 951 38.7 
Mean 467.6 90.2 62.0 289.5 94.98 875.5 39.31 
sd ± 63.54 0.38 1.3 26.46        0.04 46.70 1.12 
Dongla 
 
Cultivar 3 521 90.1 62.2 332 95 940 38.4 
Cultivar 4 538 89.8 62.6 362 94,9 1040 38.5 
Cultivar 7 630 89.9 64.8 400 95 1093 38.8 
Cultivar 9        509 89.2 62.2 357 95 984 38.6 
Cultivar 12 432 90.4 63.5 314 94.8 945 38.8 
Cultivar 20 605 88.4 62.0 330 95 921 38.9 
Mean 539.1 89.6       62.8 349.1 94.95 987.16 38.66 
sd ± 71.14 0.71 1.08 30.68        0.08 66.9 0.2 
Canadian wheat 557        90.1 61.9 324 95 1007 38.3 
 
Protein fractions: The protein fractions, according to solubility (Table14), showed 
inconsistent trend in the three locations, yet the true glutelins indicated a high level in 
cultivar 7 in the three locations. This result indicates a good quality for this cultivar, in 
the three locations, tested for bread making. 
 
Protein molecular weight: The electrophoresis results (Figs. 1and 2) showed that the 
highest molecular weight was recorded in Dongola (235 kDa) by cultivar 7, while the 
lowest value was recorded in Medani (181.2 kDa) by cultivar 12. Canadian wheat 
recorded 217.6 kDa for its highest protein fraction. Dongola location had 10 subunits 
over 100 kDa, while Hudieba and Medani each had 8 fractions which means that 
Dongola location has wheats with HMW even more than Canadian wheat which has 8 
fractions above 100 kDa. Comparing the 6 cultivars with the Canadian wheat, four of 
them (66.7%) were higher in molecular weight than Canadian wheat, and only two 
(33.3%) had lower values than Canadian wheat. The results obtained were higher than 
those reported by Mac Ritchie (1973) who found that the high molecular weight glutenin 
subunits ranged from 80 to 120 kDa.  
The high molecular weight glutenin subunits (HMW-GS), which had the highest 
molecular size, are shown in the upper part of the measuring range, which revealed that 
the HMW subunits appeared in the range of 100-240 kDa in Lab-on-achip, well 
distinguished from the other proteins, above 100 kDa. At the middle of the measuring 
range, the applied procedure provides the patterns of the LMW-GS and gliadin fractions, 
in the range of 40-50 kDa, which are overlapping. The albumins and globulins fracture 
were below 30 kDa. 
The wheat cultivars bred at different locations with different agrotechnique 
showed different results with detectable changes in the quality of wheat grains. Other 
studies confirmed that the environmental conditions, main fertilizers and temperature 
affected the amount of composition and/or polymerization of gluten proteins and HMW-
GS/LMW-GS ratios were observed (Dupont and Altenbach, 2003). Analysis of variance 
revealed significant effect of environmental factors on molar masses of the polymeric 
fraction of wheat flours. 
The six local wheat cultivars selected and used in this study had very different 
allelic compositions of their high molecular weight. These differences in properties 
presumably arise due to variation in climate, soil type and agronomic practices in the 
quality of gluten protein composition, i.e. rated between gliadin and glutenin and 
molecular size distribution. 
 
Starch binding ability to SSL and MG: The binding ability of the starch to SSL and 
MG surfactants (Table 20) was highest for cultivars 3, 4 and 7 in all locations. Starch of 
cultivar 9 showed the highest (200 mg/g) binding ability to SSL in all locations (200 
mg/g) but not for MG (161 – 189 mg/g). The binding ability of SSL to the Canadian 
wheat starch was very low compared with the Sudanese wheat cultivars starch (166.4 
mg/g for SSL and 195.24 mg/g for MG). 
 
Table 14. Protein fractions (%) of six local wheat cultivars evaluated at three locations and 
Canadian wheat flour 
Cultivar Globulins Albumins 
True 
prolamins 
Prolamins 
like 
True 
glutelins 
Glutelins 
like 
Insoluble 
proteins 
Medani 
Cultivar 3 26.32 12.39 27.74 12.11 18.97 3.29 0.49 
Cultivar 4 21.33 14 27.51 13.12 18.84 3.13 0.49 
Cultivar 7 21.61 15.89 28.39 12.99 20.23 2.71 0.46 
Cultivar 9 19.57 9.36 35.31 15.27 17.72 3.02 0.42 
Cultivar 12 21.4 12.99 36.23 13.7 15.46 2.45 0.42 
Cultivar 20 18.59 14.46 33.39 15.56 16.63 3.28 0.42 
Mean 21.47 13.18 31.42 13.79 17.97 2.98 0.45 
sd ± 2.66 2.23 4 1.36 1.73 0.34 0.035 
Hudeiba 
 
Cultivar 3 25.48 9.28 28.49 13.83 17.9 3.33 0.4 
Cultivar 4 22.02 12.41 35.63 11.97 15.68 3.21 0.42 
Cultivar 7 31.24 11.46 26.45 11.36 17.07 3.29 0.45 
Cultivar 9 25.42 12.66 32.32 12.84 16.68 2.76 0.4 
Cultivar 12 26.51 12.71 32.15 11.1 16.58 2.79 0.48 
Cultivar 20 20.28 13.32 36.19 13.83 15.72 2.85 0.41 
Mean 25.15 11.97 31.87 12.48 16.60 3.038 0.42 
sd ± 3.82 1.45 3.84 1.2 0.84 0.27 0.032 
Dongla 
 
Cultivar 3 30.48 11.56 24.88 12.31 17.38 3.36 0.49 
Cultivar 4 25.04 12.74 30.03 12.89 18.78 2.61 0.49 
Cultivar 7 23.13 10.74 30.18 15.23 18.83 2.63 0.41 
Cultivar 9 25.01 6.09 36.77 14.62 16.7 2.76 0.41 
Cultivar 12 21.93 14.69 30.04 12.35 15.83 2.54 0.41 
Cultivar 20 19.37 12.05 34.44 12.42 16.75 2.76 0.41 
Mean 24.16 11.31 31.05 13.30 17.37 2.77 0.43 
sd ± 3.75 2.88 4.13 1.29 1.21 0.3 0.041 
Canadian wheat 21.82 13.75 32.67 14.27 15.57 2.8 0.43 
 
Table 15. Molecular weight (kDa) of six local wheat cultivars grown at Medani 
Subunit 
Cultivars Canadian 
wheat 3 4 7 9 12 20 
1 14.3 13.6 14.3 13.9 13.9 13.8 14.2 
2 15.7 15.2 15.8 15.9 15 15.5 16.3 
3 23 21.6 22.1 22.3 21.6 21.9 22.5 
4 25.5 24.9 25.7 25.5 24.7 25.1 26.2 
5 29.8 28.8 29.8 29.4 28.8 29.2 29.9 
6 39.5 32.5 33.5 38.8 32.4 38.3 39.8 
7 45.6 37.6 39.4 45.3 38.2 44.1 43.4 
8 53.9 44.1 42.7 53.8 44 53.8 45.9 
9 60.2 48.8 44.5 60.4 52.4 59.5 50.5 
10 62.3 52.9 49.4 73.5 58.7 62.4 54.2 
11 73.7 59.9 53.5 96.7 70.7 72.9 61.2 
12 95.9 70.3 60 126.5 93.7 95.6 74.8 
13 126.2 93.8 62.6 131.2 118.8 100.9 95.6 
14 133.9 122 71 141.7 127.7 123.8 109.1 
15 140.4 130.1 85 144.6 140.2 130.8 123.2 
16 148.1 147.2 95.6 168.8 167.6 141.4 133.7 
17 184.7 169.3 130.1 167.1 181.2 155.2 140.8 
18 224.7 184.3 148.2 183.7  168.5 148.4 
19  200.9 171.6 220.1  190.1 171.8 
20  220.9 186.3   211.7 186 
21   223.6    217.6 
22        
Mean 83.18 85.97 76.4      88.45     72.32     87.72 85.95 
 sd ± 62.65 65.61 60.66 65.5 55.6 61.77 61.32 
Table 16. Molecular weight (kDa) of six local wheat cultivars grown at Hudeiba 
Subunit Cultivar 3 Cultivar 4 Cultivar 7 Cultivar 9 Cultivar 12 Cultivar 20 Canadianwheat 
1 14.3 14.3 14.3 14.2 14 14.9 14.2 
2 16.2 16.1 15.4 15.4 16 17.8 16.3 
3 23.3 22.5 22.1 18.2 18.2 21.3 22.5 
4 26 26 29.3 22.3 22.5 24.3 26.2 
5 30.4 30.4 39.8 25.3 25.4 28.1 29.9 
6 40.7 34 44.3 38.3 29.2 31.8 39.8 
7 47.9 39.4 53.5 45.1 33.2 37.3 43.4 
8 55.4 42.6 60 52.7 39 43.2 45.9 
9 61.7 45.5 63.1 59.3 45.6 58.2 50.5 
10 64.2 50.4 72 72.1 53.8 61.1 54.2 
11 76.4 54.5 96.9 94 59.9 71.6 61.2 
12 98.5 61 126.5 122.2 62.4 94.6 74.8 
13 135.2 63.8 132.7 129.2 72.9 124.8 95.6 
14 139.4 75.1 137 140.3 94.4 128.9 109.1 
15 150.9 85.8 148.1 145 120.8 140.1 123.2 
16 187.1 95.8 171.1 152.9 125.5 143.7 133.7 
17 225.7 123.2 185.3 167.1 130.2 167.9 140.8 
18  128.4 217.9 181.4 141.4 182.1 148.4 
19  148.8  219.9 168.5 192.2 171.8 
20  171.4   181.8 212.3 186 
21  186.3     217.6 
22  222.7      
Mean 81.95 79.00 90.516 90.25 72.73 89.81 85.95 
sd ± 63.9 59.66 63.37 64.91 53.81 65.84 61.32 
 
Table 17. Molecular weight (kDa) of six wheat cultivars grown at Dongla 
Subunit 
Cultivars Canadian 
wheat 3 4 7 9 12 20 
1 14.2 14.2 13.8 14.2 13.7 14.3 14.2 
2 15.6 15.6 15.8 15.6 15.7 15.5 16.3 
3 22.4 22 25.8 22.3 22.1 22.3 22.5 
4 25.6 25.3 29.4 25.5 29.4 25.4 26.2 
5 29.3 29.2 39.3 29.8 33.4 29 29.9 
6 39 33.2 45.1 39 39.2 33 39.8 
7 44.6 38.7 54.1 45.3 44.9 39.3 43.4 
8 53.4 44.5 60.3 53.7 48.5 44 45.9 
9 59.9 48.8 62.4 60 54.2 53.1 50.5 
10 63.5 53.4 71.6 73.7 60 58.6 54.2 
11 73 59.7 92.6 116.2 62.9 61.5 61.2 
12 96.5 62.7 120.4 124 72.9 72 74.8 
13 127.7 94.7 125.7 130.1 95.5 95.3 95.6 
14 133.2 121.6 129.3 141.5 120.1 97.7 109.1 
15 137.5 128.8 132.2 146.4 126.5 101.9 123.2 
16 147.9 140.1 139.3 169.9 130 123.6 133.7 
17 170.7 147.8 146.3 185.5 141.7 129 140.8 
18 184.7 170.8 182.4 221.8 169.6 140.5 148.4 
19 204.9 185.3 219.1  183.7 168.3 171.8 
20 224.2 222.1 225.8   181.3 186 
21   235   213.2 217.6 
22        
Mean 93.39 82.92 103.12 89.69 77.05 81.84 85.95 
sd ± 67.66 62.76 70.4 65.48 53.15 58.67 61.32 
 
 
Table 18. Molecular weight (kDa) of Canadian wheat flour 
Subunit Size kDa  
1 14.2 
2 16.3 
3 22.5 
4 26.2 
5 29.9 
6 39.8 
7 43.4 
8 45.9 
9 50.5 
10 54.2 
11 61.2 
12 74.8 
13 95.6 
14 109.1 
15 123.2 
16 133.7 
17 140.8 
18 148.4 
19 171.8 
20 186 
21 217.6 
22  
Mean 85.957143 
sd ± 61.32 
 
Table 19. Wet-milling data (gm) of six local wheat cultivars evaluated at three locations and 
Canadian flour 
Cultivar 
Starch fraction 
 (gm) 
Gluten fraction 
 (gm) 
Medani 
Cultivar 3 49.38 17.00 
Cultivar 4 55.18 19.86 
Cultivar 7 54.97 16.86 
Cultivar 9 43.31 18.83 
Cultivar 12 60.15 16.05 
Cultivar 20 55.62 19.24 
Mean 53.10           17.97 
sd ±           5.88 1.53 
Hudeiba 
 
Cultivar 3 50.6 16.23 
Cultivar 4 37.21 19.23 
Cultivar 7 43.3 11.89 
Cultivar 9 55.84 17.85 
Cultivar 12 34.62 13.85 
Cultivar 20 53.00 18.00 
Mean 45.76           16.17 
sd ± 8.72 2.8 
Dongla 
 
Cultivar 3 38.75 12.43 
Cultivar 4 30.29 14.43 
Cultivar 7 44.34 19.13 
Cultivar 9 41.89 18.6 
Cultivar 12 44.93 18.23 
Cultivar 20 45.16 19.3 
Mean 40.89 17.02 
sd ± 5.7 2.87 
 Canadian wheat 43.61             18.5 
 
 
Table 20.  Binding ability of SSL and MG of six  local wheat cultivars evaluated  
                   at three locations and Canadian flour 
Cultivar 
SSL binding 
mg/g  
MG binding mg/g  
Medani 
Cultivar 3 178.62 200 
Cultivar 4 166.95 187.12 
Cultivar 7 108.97 200 
Cultivar 9 200 160.9 
Cultivar 12 200 200 
Cultivar 20 200 200 
Mean 175.75           191.3 
sd ±           35.5 15.77 
Hudeiba 
 
Cultivar 3 200 200 
Cultivar 4 200 200 
Cultivar 7 200 200 
Cultivar 9 200 189 
Cultivar 12 198.3 200 
Cultivar 20 200 192.58 
Mean 199.71          196.93  
sd ± 0.76 4.88 
Dongla 
 
Cultivar 3 200 191.85 
Cultivar 4 200 188 
Cultivar 7 198.6 178.6 
Cultivar 9 200 180.3 
Cultivar 12 195.4 106.1 
Cultivar 20 195.7 127.6 
Mean 198.28 162.07 
sd ± 2.18 36.01 
 Canadian wheat 166.4             195.24 
Table 21. Loaf bread specific volume (cm
3 
/gm) of six local wheat cultivars evaluated at three 
locations and Canadian  
Cultivar  Medani  Hudeiba  Dongla  Mean   
Cultivar 3 2.40 d 2.45 D 2.79 B 2.54 C 
Cultivar 4 2.92 b 2.56 Cd 2.77 Bc 2.75 B 
Cultivar 7 2.91 b 2.53 Cd 2.81 B 2.75 B 
Cultivar 9 3.44 a 2.91 B 3.51 A 3.28 A 
Cultivar 12 2.92 b 2.91 B 2.83 B 2.89 B 
Cultivar 20 3.35 a 3.30 a  3.54 A 3.39 A 
Mean 2.99 a 2.77 b 3.04 A 2.93   
Canadian flour            4± 0.1   
Means followed by the same letter are not significantly (P≤0.01) different from each other, 
according to Duncan's multiple range test. 
 
Baking test: The bread specific volume of the six cultivars grown at the three locations 
(Table 21) had showed that bread of the cultivars 9 and 20 grown in Dongla the highest 
bread specific volume (3.51 cm
3
/g and 3.54 cm
3
/g) respectively. This result indicates that 
the location has more effect on the quality of wheat rather than the genetic factor. 
Whereas cultivar 3 with loaf specific volume 2.4 cm
3
/g at Medani and 12 with loaf 
specific volume 2.83 cm
3
/g and molecular weight 181.6 kDa could be preferred for Cake, 
cookies and Crackers, Asian Noodles, Steam breads and flat breads. 
In conclusion cultivars 20 and 9 are the best wheat cultivars to be grown in the 
three locations for bread making, whereas cultivars 3 and 12,with the least bread specific 
volume, could be used for soft wheat products, e.g. cakes, biscuits and pastries.     
 
 
              Fig. 1. Lab-on-a-Chip capillary electrophoresis of cultivars 3, 12 and 7 from Medani, 9 
and 7 from Hudeiba and 4,12,9 and 3 from Dongla plus Canadian wheat flour (W)) 
protein extracted 
 
 
 
 
 
 
               Fig. 2. Lab-on-a-Chip capillary electrophoresis of cultivars 20, 9 and 4 in Medani, 3, 12, 
20 and 4 in Hudeiba and 7 and 12 in Dongla plus Canadian wheat(W) flour) protein 
extracted 
  
                
 
 
 
 
 
 
 
 
 
     Fig 3. Loaf bread and slice prepared from cultivar 20 
in Medani 
 
              
            Fig 4. Loaf bread and slice prepared from 
cultivar 12 in Medan 
 
             Fig 5. Loaf bread and slice prepared from 
cultivar 9 in Medani 
 
 
 
             Fig 6. Loaf bread and slice prepared from 
cultivar 7 in Medani  
  
 
 
             Fig 7. Loaf bread and slice prepared from 
cultivar 4 in Medani  
            Fig 8. Loaf bread slice prepared from cultivar 3 
in Medani  
 
 
 
 
             Fig 9. Loaf bread and slice prepared from 
cultivar 20 in Dongla 
 
             Fig 10.Loaf bread and sliceprepared from 
cultivar 12 in Dongla  
 
 
 
             Fig 11. Loaf bread and slice  prepared from 
cultivar 9 in Dongla  
 
                           Fig 12. bread and slice prepared from cultivar 
7 in Dongla  
  
 
 
 
 
 
 
            Fig 13. Loaf bread and slice prepared from 
cultivar 4 in Dongla  
 
Fig 14. Loaf bread and slice prepared from 
cultivar in Dongla  
 
 
 
 
 
Fig 15. Loaf bread and slice prepared from 
cultivar 20 in Hudeiba  
Fig 16. Loaf bread and slice prepared from 
cultivar 12 in Hudeiba 
 
 
Fig 17. Loaf bread and slice prepared from 
cultivar 9 in Hudebia 
 
 
Fig 18. Loaf bread and slice prepared from 
Cultivar 7 in Hudeiba  
  
 
 
 
 
 
 
Fig 19. Loaf bread and Slice prepared from 
cultivar 4 in Hudebia  
Fig 20. Loaf Bread and slice prepared from 
cultivar 3 in Hudebia 
    
 
 
Fig 21.  Loaf bread and slice prepared from 
Canadian wheat four 
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